Abstract-This paper presents a dynamic object grasping strategy based on the predictive control algorithm. Simulation results and preliminary experiments show that the control method is able to complete the dynamic object grasping with this strategy.
I. INTRODUCTION
s the most important nature end-effectors, human hands are required in almost all daily tasks, including some special ones which are not suitable for human operation. The dangerous environment like the nucleus radiation, the disasters and sudden public incidents, the space or the battlefield will pose hazard for human. The complex or certain tasks will require high-dexterity or high-power. With the development of the robotic anthropomorphic hand research, the situation we mentioned above will be well solved. A number of robotic hands with greatly improved dexterity have also been developed [1] - [6] .
Static object is popular in most verification of present researches. In real life and many actual tasks, the grasping object is not static but dynamic. Beside, when grasping static objects, the controller usually makes the dexterous hand close up to certain position of the object, and then stop. We call this process "pre-grasp". After the pre-grasp, the dexterous hand readjusts its gesture to finally grasp the object. This process costs much time to complete the task. If the dexterous hand achieve its gesture even at the same time of closing to the object (or they have comparative speed), when the comparative speed is zero, the comparative position is also zero, in the other words, the grasp is complete, this simultaneity process will certainly cut down the time consumption. In the situation above, dynamic object grasping strategy is needed urgently. This paper presents a control strategy for dynamic object grasping based on the predictive control algorithm, and the simulation results is shown. 
II. PROBLEM STATEMENTS
To grasp a dynamic object, which moves in a line and can be grasped with two fingers, the problem can be described as follows:
Where θ is the angle vector of the joint, f is the dynamics function of the dexterous hand, u is the torch input vector of dexterous hand, S is the distance from the current position of the object to the optimal grasping position, and v>0 is the current velocity of the object. 
Where θ with subscript stand for the rotation angle of fingers, which can be measured, I is moment of inertia and
is the control input vector. Here two fingers are used here to grasp the object.
For a certain object, the optimal grasping position can be calculated by size of object and moving trajectory as Thus, the problem to actuate a dexterous hand to grasp a linear moving object with two fingers is to design a control
, where S(0) is the initial distance from the object to the optimal grasping point.
III. CONTROL SCHEME DESIGN
As described in the above section, to design the control scheme of ( ) u t , the distance S of the object must be considered and the trajectory must be predicted during control reference planning. Assume the fingers are vertical in initial position as 0 0 θ = , thus, to avoid the moving object to impact with the fingers before the optimal position, the following constraints must be considered
is the permitted domain for angle error, which can be selected by hand according to practical condition.
In dynamics equation, the 12 θ , 13 θ and 23 θ is limited by the structure of the dexterous hand, so they are not considered in control scheme, and we let system state   1  12  2  12  3  21  4  21  5  22  6 
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Where W(t) is process noise, 
In practical control use, discrete system equation is often used for computer to calculate, and this can be obtained directly from (6) as
is the system state vector at sampling time t,
is the output vector,
is the control input vector, k is the actuators' time-delay, and t W is process noise.
To solve the problem of time-delay and the prediction of the reference input, we adopt model predictive control to grasp the moving object.
Step I: Make prediction Firstly, for the case that predictive step i is less than time-delay k (i.e., the time instant that system behavior cannot be regulated through current and future control action), prediction can be denoted as following equation,
Whereˆ| t i X t + is the prediction state at time t+i, the superscript 1 denotes that the part of predicted variable that is independent of the current and future's control actions.
Secondly, for the case that prediction step i is larger than the time delay k, Step II: Plan for the set-point input
To grasp the object successfully, (3-4) must be gtaranteed. We design the following reference plan method
where
Where t S is the distance at sampling time t, 1 i p
is the velocity of the object at sampling time t and s T is the sampling period.
Step III: Receding horizon optimization After making prediction, the control vector can be obtained by minimize the following cost function: R is the reference of system states.
Step : Control implementation
The first element of vector * t U is used as the control to the real plant. After that, go back to step I at the next time instant.
IV. SIMULATION AND EXPERIMENT RESULTS

A. Simulation
In this section, the control scheme, designed in Section 3, is simulated in the following assumed environment: The simulation results are shown in Figs.2-3 . Fig.2 shows relationship between the fingers' rotation angle and object distance, and Fig.3 shows the torch input with object distance. The results show that the fingers of the dexterous hand can arrive the optimal position when object distance S=0, the condition (3-4) is satisfied with the designed reference plan and control scheme. The simulation results show the effectiveness of the designed control scheme. B. Experiments Figure 4 shows the prototype of SIA-1 Hand. At present, thumb, index finger and middle finger are actively controlled while the ring finger and pinkie are passive. Thumb has 3 degrees-of-freedom (DOFs) and 3 joints, the metacarpophalangeal joint (MP) has 2 DOFs and the distal interphalangeal (DIP) joint has 1 DOF. The Index finger also has 3 DOFs but 4 joints, similar to the thumb; MP joint has 2 DOFS but the proximal interphalangeal (PIP) joint and DIP joint are coupled to yield 1 DOF. The Middle finger has only 1 DOF but 3 joints; the MP, PIP and DIP joints are coupled to result in 1 DOF. The MP joints of all fingers are attached to the palm. All the independent joints of three fingers are driven by DC brushless motors via wire cables. There are total of 7 motors to support 7 DOFs of the motions. "Optotrak Certus" system is used for pinpointing and tracking the any point (the LBD markers) in its working area. Figure 5 is the SIA-1 hand with 30 markers on its surface. Figure 5 b shows the orientation sensor which scans the markers, the PC and the control unit of the system. In the experiment, the SIA-1 Hand is static while the bottle is dynamic. The experiments result in Figure 6 shows that SIA-1 hand can grasp a bottle when the bottle arrives the hand's working area. Figure 6 and Figure 7 shows the results of the experiment. In Figure 6 , the first curve is the bottle's position relative to x axis. The second to the sixth curves are the Index and the middle fingers' joint angles. As we can see, parts of the curves are intermittent. The reason for this phenomenon is the orientation sensor working area's limitation. In fact, Figure 6 can still show the most parts of the results. Figure 7 shows the final grasp of the bottle. 
V. CONCLUSIONS
This paper presents a control strategy for dynamic object grasping. The simulation and the experiment results show its effectiveness within permission error. The predictive control algorithm is classical and will not bring large calculation to occupy resource.
